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Abstract
A supersymmetric version of the SU(3)L ⊗ U(1)X gauge model is presented. The model is
embedded in a SU(6)L⊗U(1)X gauge group and it has been built up completely chiral anomaly free
and without any exotic charges in the fermionic content. The Minimal Supersymmetric Standard
Model can be seen as an effective theory of this larger symmetry. We analyze how the spectrum
of the new model can shift the upper bound on the CP-even Higgs boson and we find that it can
be moved up to 143 GeV.
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I. INTRODUCTION
The Standard Model (SM) has been established with great precision as the model that
describe interactions of the gauge bosons with the fermions [1]. However, the Higgs sector,
responsible for the symmetry breaking has not been tested yet. But in any case the SM
still has many unanswered questions and there are some experimental results on solar and
atmospheric neutrinos which suggest no standard interpretation. The observation of neutrino
oscillations can be explained by introducing mass terms for these particles, in whose case
the mass eigenstates are different from the interaction eigenstates, it should be noticed that
the oscillation phenomena imply that lepton family number is violated and such fact leads
to consider the existence of physics beyond of the SM [2].
Among the various candidates to physics beyond the SM, supersymmetric theories play
a special role. Supersymmetric models are the most developed and most widely accepted.
Although there is not yet direct experimental evidence of Supersymmetry (SUSY), there are
many theoretical arguments indicating that SUSY might be of relevance for physics beyond
the SM. The main reason behind the phenomenological interest is that SUSY provides a
solution for the naturalness problem which allows a fundamental scalar of the order of the
electroweak scale if the mass of the superpartners are of the order of ∼ O(1 TeV). The most
popular version, of course, is the supersymmetric version of the SM, usually called MSSM,
which is a computable theory and it is compatible with all precision electroweak tests [3].
Up to know, one impressive phenomenological virtue in favor of SUSY is obtained from
the unification of couplings in Grand Unified Theories, but on the other hand the lack of
SUSY signals at LEP and the lower limit on mh pose problems for the MSSM [4, 5]. About
this point, unlike in the SM, in the MSSM the coefficient of the quartic potential of the Higgs
sector is not an independent parameter, instead it is related with the ratio tan β and the
SU(2)L ⊗ U(1)Y gauge couplings. As a consequence, the value of the CP-even scalar mass
is not controlled by the SUSY breaking parameters but by the electroweak breaking sector.
This yields the tree level bound m2h ≤ m2Z cos2 2β ≤ m2Z , mass range already excluded
by LEPII and could rule out the MSSM. But if the leading effects included in radiative
corrections from the top-stop sector are taken into account, the upper bound can be pushed
up to 135 GeV [6]. Now, the limit coming from LEP on the SM Higgs is mh ≥ 114 GeV [7],
putting restrictions on the parameter space of the MSSM, strong enough to consider new
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ideas beyond the SM that can shift this bound. The physical Higgs mass can be increased by
enhancing the quartic coupling through an extended gauge sector and/or new superpotential
Higgs couplings, in other words through D-terms or F-terms [8].
Among the possibilities with the nice properties of SUSY theories and the possibility to
relax the bound on the lightest Higgs boson is SU(3)C ⊗ SU(3)L ⊗ U(1)X as a local gauge
theory. It has been studied previously by many authors in non-SUSY and SUSY versions,
who have explored different spectra of fermions and Higgs bosons [9, 10, 11]. There are many
considerations about this model but the most studied motivations of this large symmetry
are the possibility to give mass to the neutrino sector [10], anomaly cancellations in a
natural way in the 3-family version of the model, and an interpretation of the number of
the fermionic families related with the anomaly cancellations [12]. Recently, reference [13]
has presented a careful analysis of these kind of models without SUSY, taking into account
the anomaly cancellation constraints. In fact, the version called model A in reference [13]
was already supersymmetrized [11] and it was showed to be an anomaly free model, and a
family independent theory. Reference [11] has also shown that the SUSY models based on
the symmetric SU(3)L ⊗ U(1)X model as a E6 subgroup can shift the upper bound on the
lightest CP-even higgs boson up to 140 GeV. In the present work, we supersymmetrize the
version called model B in reference [13]. The models A and B are different being the first
one an E6 subgroup in contrast to the second one which is a SU(6)L ⊗ U(1)X subgroup.
The model presented here is a supersymmetric version of the gauge symmetry SU(3)L⊗
U(1)X but it is different from the versions considered previously [11, 14]. The model con-
sidered does not introduce Higgs triplets in the spectrum to break the symmetry, instead
they are included in the scalar sector of the chiral superfields. As we will show, the free
parameters of the model is also reduced by using a basis where only one of the Vacuum
Expectation Values (VEV) of the neutral singlets of the spectrum generates the breaking of
the larger symmetry to the SM symmetry. Moreover, the fermionic content presented here
does not have any exotic charges. Finally, our aim is to study how the spectrum of the new
model based on the symmetry SU(3)L⊗U(1)X can change the upper bound on the lightest
CP-even Higgs boson.
This work is organized as follows. In section 2, we present the details of the non-SUSY
version of the SU(3)L ⊗ U(1)X model. In section 3 we discuss the SUSY version and the
spontaneous symmetry breaking mechanism, as well as some phenomenological implications
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of the model. Section 4 contains our conclusions.
II. NON-SUSY VERSION
We want to describe the supersymmetric version of the SU(3)C ⊗SU(3)L⊗U(1)X gauge
symmetry which is embedded into SU(6)L⊗U(1)X [13]. But in order to be clear, first of all
we present the non-SUSY version of the model. We assume that the left handed quarks (color
triplets) and left-handed leptons (color singlet) transform as the 3¯ and 3 representations of
SU(3)L respectively. In this model the anomalies cancel individually in each family as it is
done in the SM.
The model thus ends up with the following anomaly free multiplet structure:
χL =


d
u
U


L
dcL u
c
L U
c
L
(3, 3¯, 1
3
) (3¯, 1, 1
3
) (3¯, 1,−2
3
) (3¯, 1,−2
3
)
(1)
ψ1L =


νe
e−
E−1


L
ψ2L =


N02
E−2
E−3


L
ψ3L =


E+2
N01
νce


L
(1, 3,−2
3
) (1, 3,−2
3
) (1, 3, 1
3
)
(2)
e+L E
+
1L E
+
3L
(1, 1, 1) (1, 1, 1) (1, 1, 1)
(3)
The numbers in parenthesis refer to the (SU(3)C , SU(3)L, U(1)X) quantum numbers respec-
tively. The symmetry is broken following the pattern
SU(3)C ⊗ SU(3)L ⊗ U(1)X −→ SU(3)C ⊗ SU(2)L ⊗ U(1)Y −→ SU(3)C ⊗ U(1)Q
and give masses to the fermion fields in the model. With this in mind, it is necessary to
introduce the following two Higgs triplets: φ3(1, 3, 1/3) with a vacuum expectation value
(VEV) aligned in the direction 〈φ3〉 = (0, 0, V )T and φ4(1, 3, 1/3) with a VEV aligned as
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〈φ4〉 = (0, v/
√
2, 0)T , with the hierarchy V > v ∼ 250 GeV (the electroweak breaking scale).
Note that φ3 and φ4 have the same quantum numbers but they get VEV’s at different mass
scales generating a large mass to the exotic U quark and a realistic mass to the known up
quark. One more Higgs scalar φ2(1, 3,−2/3) is needed in order to give a mass to the down
quark field in the model. With the same scalar fields the neutral and charged fermions get
masses through the see-saw mechanism [15]. Diagonalizing the mass matrices there are a
light Dirac neutrino and a heavy Dirac neutrino. Also there are a light charged lepton which
corresponds to electron and three exotic heavy charged leptons.
The model has 9 gauge bosons. One of them Bµ is associated with U(1)X symmetry,
and other 8 fields are associated with the SU(3)L symmetry. The expression for the electric
charge generator in SU(3)L⊗U(1)X is a linear combination of the three diagonal generators
of the gauge group
Q = T3L +
1√
3
T8L +XI3 (4)
where TiL = λi/2 with λi the Gell-Mann matrices and I3 the unit matrix.
After breaking the symmetry, we get mass terms for the charged and the neutral
gauge bosons. By diagonalizing the matrix of the neutral gauge bosons we get the phys-
ical mass eigenstates which are defined through the mixing angle θW given by tan θW =√
3g1/
√
3g2 + g21 with g1 and g the coupling constants of the U(1)X and SU(3)L respec-
tively. Also we can identify the Y µ hypercharge field associated with the SM gauge boson
as:
Y µ =
tan θW√
3
Aµ8 + (1− tan θ2W/3)1/2Bµ. (5)
In the SM the coupling constant g′ associated with the hypercharge U(1)Y , can be given
by tan θW = g
′/g where g is the coupling constant of SU(2)L which in turn can be taken
equal to the SU(3)L coupling constant. Using the tan θW given by the diagonalization of
the neutral gauge boson matrix we obtain the matching condition
1
g′2
=
1
g21
+
1
3g2
. (6)
We shall use this relation to write g1 as a function of g
′ in order to find the Higgs potential
of the SU(3)⊗ U(1)X SUSY model at low energies and compare it with the MSSM one. In
particular, we will show that it reduces to the MSSM in this limit.
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III. SUSY VERSION
In the SUSY version the above content of fermions should be written in terms of chiral
superfields, and the gauge fields will be in vector supermultiplets as it is customary in SUSY
theories. In this case we should introduce two more fermion fields and one more scalar.
They will be arranged in the corresponding superfields, in such way that they cancel chiral
anomalies automatically, and additionally the Higgs scalar fields break the symmetry and
generate the fermion and gauge boson masses. Therefore the contents of superfields are
χˆL =


dˆ
uˆ
Uˆ


L
dˆcL uˆ
c
L Uˆ
c
L
(3, 3¯, 1
3
) (3¯, 1, 1
3
) (3¯, 1,−2
3
) (3¯, 1,−2
3
)
(7)
ψˆ1L =


νˆe
eˆ−
Eˆ−1


L
ψˆ2L =


Nˆ02
Eˆ−2
Eˆ−3


L
ψˆ3L =


Eˆ+2
Nˆ01
νˆce


L
(1, 3,−2
3
) (1, 3,−2
3
) (1, 3, 1
3
)
(8)
ψˆ4L =


Eˆ+4
Nˆ04
Nˆ05


L
ψˆ5L =


Eˆ−4
Nˆ07
Nˆ06


L
eˆ+L Eˆ
+
1L Eˆ
+
3L
(1, 3, 1
3
) (1, 3¯,−1
3
) (1, 1, 1) (1, 1, 1) (1, 1, 1)
(9)
The eqs. (7) and (8) plus singlets of equation (9) have the same fermionic content as the
non-SUSY version which is anomaly free. In order to give masses in the non-SUSY model
it was necessary to introduce a scalar Higgs φ4. To supersymmetrize the model we have
introduced a chiral superfield with the same quantum numbers ψˆ4L. But it introduces more
fermions and in order to cancel the triangle anomalies a new chiral superfield is necessary
ψˆ5L, in such way that ψˆ4L and ψˆ5L are in a vector representation of the SU(3)L ⊗ U(1)X
gauge symmetry and then the model is completely chiral anomaly free.
The scalar sector of the supermultiplets has the appropriate quantum numbers in order
to be useful as a Higgs sector of the theory and is not necessary to introduce new scalar fields
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to get the spontaneous symmetry breaking to the SM symmetry. The superpotential can
be built up by taking into account the non-SUSY Yukawa Lagrangian form and ǫabcψ
a
i ψ
b
jψ
c
k
which is a singlet; we have
W = h1ǫabcψˆ
a
1 ψˆ
b
3ψˆ
c
4 + h2ǫabcψˆ
a
3 ψˆ
b
2ψˆ
c
4 + ψˆ1(h3ψˆ5eˆ
+ + h4ψˆ5Eˆ
+
1 + h5ψˆ5Eˆ
+
3 )
+ ψˆ2(h6ψˆ5eˆ
+ + h7ψˆ5Eˆ
+
1 + h8ψˆ5Eˆ
+
3 ) + huχˆLψˆ4uˆ+ hU χˆLψˆ4Uˆ + h
′
uχˆLψˆ3uˆ
+ h′U χˆLψˆ3Uˆ + hdχˆLψˆ2dˆ+ h
′
dχˆLψˆ1dˆ+ µ1ψˆ4ψˆ5 + µ2ψˆ3ψˆ5. (10)
Once we have the superpotential W , the theory is defined and we can get the Yukawa
interactions and the scalar potential. Here, we should mention that the lepton number is
not conserved, in order to generate neutrino masses similar to Rp violating models [16].
Now, we will concentrate our attention on the scalar Higgs potential, which is given by
V =
∣∣∣∣∣∂W∂Ai
∣∣∣∣∣
2
+
1
2
DaDa +
1
2
D′D′ (11)
where
Da = gA†i
λaij
2
Aj ,
D′ = g1A
†
iX(Ai)Ai (12)
and Ai are the scalar components of the chiral supermultiplets. For our purpose, it is enough
to consider only
W ′ = h1ǫabcψˆ
a
1 ψˆ
b
3ψˆ
c
4 + h2ǫabcψˆ
a
3 ψˆ
b
2ψˆ
c
4 + µ1ψˆ4ψˆ5 + µ2ψˆ3ψˆ5. (13)
As we already mentioned, the scalar Higgs bosons responsible of the symmetry breaking are
the scalar sector of the fermionic chiral supermultiplets, thus we have φi = ψ˜iL. Now we
focus on the scalar potential obtained from the superpotential W ′ plus the soft breaking
terms which are
Vsoft =
5∑
i=1
m2iφ
†
iφi + µ
′
1(φ
†
4φ5 + h.c) + µ
′
2(φ
†
3φ5 + h.c). (14)
The D-terms and F-terms are
V =
g2
8
{4
3
5∑
a=1
(φ†aφa)
2 + 4
5∑
a6=b
(φ†aφb)(φ
†
bφa)−
4
3
5∑
a6=b
(φ†aφa)(φ
†
bφb)}
+
g21
18
{−2(φ†1φ1 + φ†2φ2) + (φ†3φ3 + φ†4φ4)− φ†5φ5}2
+ h21{(φ†3φ3)(φ†4φ4) + (φ†1φ1)(φ†3φ3)− (φ†3φ4)(φ†4φ3)− (φ†1φ3)(φ†3φ1)}
+ h22{(φ†3φ3)(φ†4φ4) + (φ†2φ2)(φ†3φ3)− (φ†3φ4)(φ†4φ3)− (φ†2φ3)(φ†3φ2)}
+ h21{(φ†1φ1)(φ†4φ4)− (φ†1φ4)(φ†4φ1)}+ h22{(φ†2φ2)(φ†4φ4)− (φ†2φ4)(φ†4φ2)}
+ 2h1h2{(φ†1φ2)(φ†4φ4)− (φ†1φ4)(φ†2φ4) + (φ†1φ2)(φ†3φ3)− (φ†1φ3)(φ†2φ3)}
+ (µ21 + µ
2
2)(φ
†
5φ5) + µ
2
1(φ
†
4φ4) + µ
2
2(φ
†
3φ3) + µ1µ2(φ
†
4φ3 + φ
†
3φ4). (15)
Now, we are ready to break down the symmetry SU(3)L ⊗ U(1)X to the SM symmetry
SU(2)L ⊗ U(1)Y . Writting the Higgs triplets of SU(3)L as branching rules of SU(2)L, we
have
φ1 =

 l˜
E˜−1

 , φ2 =

 H1
E˜−3

 , φ3 =

 H2
N˜01

 ,
φ4 =

 H4
N˜05

 , φ5 =

 H5
N˜06

 ,
(16)
where l˜ and Hi are doublets of SU(2)L and E˜
−
i , N˜
0
i are singlets. Thus the VEV’s of
〈N˜01 〉 = u1, 〈N˜06 〉 = u2 and 〈N˜05 〉 = u make the job. But it is possible to choose only one
of them different from zero, u1 = u2 = 0, u 6= 0 [17], and the would-be Goldstone bosons
of the symmetry breaking SU(3)L ⊗ U(1)X/SU(2)L ⊗ U(1)Y become degrees of freedom
of the field φ4. The terms involving H1, H2 doublets generate the fermion masses in the
non-SUSY model after the electroweak symmetry breaking. Since we want to generate the
MSSM at low energy as an effective theory we suppose that φ1, φ5 and N˜
0
1 are decoupled at
low energies too. Therefore we only deal with a Higgs potential which involves H1, H2 and
N˜05 . It is given by
V ′ =
g2
8
{4
3
((H†1H1)
2 + (H†2H2)
2 + (N˜25 )
2) + 4(H†1H2)(H
†
2H1)
− 4
3
((H†1H1)(H
†
2H2) + (H
†
1H1)N˜
2
5 + (H
†
2H2)N˜
2
5 )}
+
g21
18
{N˜25 + (H†2H2)− 2(H†1H1)}2 + h21(H†2H2)N˜25
+ h22{(H†2H2)N˜25 + (H†1H1)(H†2H2)− (H†1H2)(H†2H1) + (H†1H1)N˜25}
+ µ21N˜
2
5 + µ
2
2(H
†
2H2) +m
2
1(H
†
1H1) +m
2
2(H
†
2H2) +m
2
5N˜
2
5 . (17)
As it has been already emphasized [14], in the MSSM the quartic scalar couplings of
the Higgs potential are completely determined in terms of the two gauge couplings, but
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it is not the case if the symmetry SU(2)L ⊗ U(1)Y is a remnant of a larger symmetry
which is broken at a higher mass scale together with the SUSY. The scalar particle content
needed to produce the spontaneous symmetry breaking determines the structure of the Higgs
potential. In this way, the reduced Higgs potential would be a 2HDM-like potential, but its
quartic couplings would not be those of the MSSM, instead they will be related to the gauge
couplings of the larger theory and to the couplings appearing in its superpotential. Analyses
of supersymmetric theories in this context have been given in the literature [11, 14, 18]. In
particular, it has been studied widely for different versions of the left-right model, SUSY
version of the SU(3)L ⊗ U(1)X model where exotic charged particles of electric charges
(−4/3, 5/3) appear [17] and the version where SU(3)L ⊗ U(1)X is an E6 subgroup [11].
Following this idea with the reduced Higgs potentials presented in the previous paragraph,
we can obtain the effective quartic scalar couplings λi of the most general 2HDM potential.
Since there are cubic interactions in V ′ involving H1,2 and N˜
0
5 , it generates two types of
Feynman diagrams which contribute to the quartic couplings [11]. The Feynman rules from
the potential for these couplings are
H1 −H1 − N˜05 → i(2h22 −
1
9
(3g2 + 4g21))u,
H2 −H2 − N˜05 → i(2(h21 + h22)−
1
9
(3g2 − 2g21))u (18)
and using them we obtain the effective couplings; thus they are given by
λ1
2
=
2g21
9
+
g2
6
− 3
8
(
(
4g21
9
+
g2
3
)2 − 4h22(
4g21
9
+
g2
3
) + 4h42
)
G−1 ,
λ2
2
=
g21
18
+
g2
6
− 3
8
(
(
2g21
9
− g
2
3
)2 + 4(h21 + h
2
2)(
2g21
9
− g
2
3
) + 4(h21 + h
2
2)
2
)
G−1 ,
λ3 = −2g
2
1
9
− g
2
6
+
3
4
(
(
4g21
9
+
g2
3
)(
2g21
9
− g
2
3
)− 4h22(h21 + h22) + 2h22(
g2
3
− 2g
2
1
9
)
+ 2(h21 + h
2
2)(
g2
3
+
4g21
9
)
)
G−1 ,
λ4 =
g2
2
− h22 ,
λ5 = 0 (19)
where G = (g21/3 + g
2). Additionally, we realize that in the limit of h1 = 0 and h2 = he we
recover the SU(3)L ⊗ U(1)X model previously worked out [11].
We want to remark that this SUSY model has the MSSM as an effective theory when
the new physics is not longer there, that means hi = 0, i = 1, 2, and the coupling constants
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are running down to the electroweak scale. At this point we use the approach where the
SU(2)L coupling behaves like g. In the limit h1 = h2 = 0, we obtain
λ1,2 =
g2(4g21 + 3g
2)
4(g21 + 3g
2)
, λ3 = −g
2(4g21 + 3g
2)
4(g21 + 3g
2)
, λ4 =
g2
2
(20)
and, if we assume the matching condition from equation (6), we reduce the effective couplings
to those appearing in the MSSM, as expected,
λ1 = λ2 =
1
4
(g2 + g′2) , λ3 = −1
4
(g2 + g′2) , λ4 =
g2
2
. (21)
But when new physics is present, the conditions coming from the analysis of the Higgs
potential on the new parameters hi are quite different. The requirement that the potential
be bounded from below, implies that λ1 ≥ 0, λ2 ≥ 0 and either λ3+λ4 ≥ 0 or if λ3+λ4 < 0
then |λ3 + λ4| ≤
√
λ1λ2 , this is not a simple region, and therefore in order to get a bound
on the lightest Higgs boson, we evaluate numerically point by point the conditions, and the
results are shown in figure 1. Furthermore, we have added the term coming from radiative
corrections due to the top quark and its two supersymmetric partners [6, 8, 14], taking
mt = 174.3 GeV [19] and m˜ = 1 TeV. Figure 1 is a 3D-plot for three different values of
cos2 β where tan β ≡ 〈H2〉0/〈H1〉0, and the lowest bound of MSSM can be moved up to 143
GeV. The range of values for h21 and h
2
2 are presented in such a way that they satisfy the
inequalities coming from the requirement that the potential be bounded from below, and
we note that for h21 = 0 the largest value for h
2
2 is 0.21.
On the other hand, the upper bound of the Higgs boson mass has been calculated driving
the VEV’s of the SM singlets in such way that only one VEV has been included, but we
can explore the behavior of this bound considering more singlets in the model which have
couplings in the same form that the first one N˜05 . Doing that, we note that the upper bound
of the lightest Higgs boson is not affected pretty much, but the constraints on the parameters
hi, are. In figure 2, we show the plane h
2
1 − h22 considering one, three and ten singlets in
the model. The figure implies that the new physics related to the parameters hi is more
constrained when the number of singlets involved increases.
IV. CONCLUSIONS
We have presented a new supersymmetric version of the symmetry SU(3)L ⊗ U(1)X
which is a SU(6)L ⊗ U(1)X subgroup, where the Higgs bosons are in the scalar sector of
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the superfields, and it is triangle anomaly free. We have also shown that using the limit
when the parameter hi = 0 and the matching condition (equation (6)), we obtain the SUSY
constrains for the Higgs potential as in the MSSM. Therefore, if we analyze the upper bound
for the mass of the lightest CP-even Higgs boson in this limit, we find the same bound of
around 128 GeV for the MSSM. However, since in general hi 6= 0 i = 1, 2, such upper bound
can be moved up to around 143 GeV. This fact can be an interesting alternative to take
into account in the search for the lightest CP-even SUSY Higgs boson mass. This model is
different from the one considered in [11] and only can be recovered when h1 = 0 and h2 = he.
By considering the experimental value from LEP for the lightest Higgs mass mh ≥ 114 GeV
it is possible to get bounds for the parameters of the model h2i , they are 0 ≤ h21 ≤ 0.21,
0 ≤ h22 ≤ 0.21. But if we include more singlets of the SM symmetry like N˜05 , the upper
bound on the Higgs boson mass does not move considerably, only up to 145 GeV, but the
allowed values in the plane h21−h22 does. These allowed values are reduced when the number
of singlets added are increased.
We acknowledge to R. Diaz for the careful reading of the manuscript. This work was
supported by COLCIENCIAS and DIB.
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FIG. 1: The upper bound on the lightest CP-even Higgs boson as a function of the parameters h2i
from the superpotential. The different kind of points correspond to cos2 β = {0 , 0.6 , 1}.
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FIG. 2: The allowed region for the plane h21 − h22 with additional SM singlets, for N = 1, N = 3
and N = 10.
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